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ABSTRACT
This study intends to explore an approach that aims to assess biliteracy in English and
Spanish among dual language elementary school students enrolled in a dual language
immersion program at school. Biliteracy in this study is measured using an absolute
difference score that takes the difference in degree of ability in vocabulary and
comprehension in both Spanish and English to create two separate biliterate continuums.
These two biliterate continuums will be utilized in the analysis to describe biliteracy and
explore the relationship between biliteracy and math achievement in dual language
students. A sample of 388 elementary students enrolled in a dual language immersion
program participated in the study. This study utilized a hierarchical regression model is to
examine the relationship of the biliteracy continuum approach with math achievement in
both English and Spanish. The results showed that the two biliteracy continuums did not
provide substantial evidence for there to be a meaningful relationship with math
achievement in both English and Spanish.
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Introduction
The United States is largely defined by the various ethnicities and languages that live
amongst it. In fact, 22% of the U.S population, over the age of five years, speak a language
other than English at home, with Spanish (13.5%) being the most reported second language
(The United States Census, 2019). It is therefore not surprising that the National Center for
Education Statistic reported five million students (K-12) enrolled as English Language
Learners (ELL) or dual language students in the 2016-2017 U.S school year, which
accounted for 10.1% of the total student enrollment (National Center for Education Statistics,
2018). Dual language research has been steadily increasing over the decades the main focus
on the academic impacts of bilingualism and biliteracy among dual language students. The
momentum of bilingual and biliteracy research also brings up the necessary emphasis to
focus on the type of measurement and techniques used within research to establish biliteracy
among dual language students.
This study will give a brief overview of the current techniques used within research to
describe bilingual and biliterate students’ language ability. Followed by the main aim of the
study, which is to employ an approach that uses the differences in student’s degree of ability
in two separate languages (Spanish and English) to assess general biliteracy on a continuum.
This approach consists of looking at dual-language students’ language ability, identified
through vocabulary and comprehension, on a continuum, which is not common in biliteracy
research. The benefit of this continuum is that it would not exclude those students who may
have general language ability difficulties but are otherwise biliterate to some degree and are
often excluded in other measurements of biliteracy. The focus is then on applying this unique
approach to understand the relationship of biliteracy on math achievement, in both Spanish
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and English, among dual language elementary students enrolled in immersion programs at
school.

Biliteracy and Bilingualism
Bilingualism and Biliteracy are complex constructs, but it is important to have set
definitions and descriptions of them for research studies. It is often necessary to make a clear
differentiation between them since these two concepts can be easily entwined and sometimes
lead to assumptions that if someone is bilingual, they are also biliterate. Bilingualism, in its
truest form, is defined as having equivalent fluency in two languages (Reyes, 2012).
Biliteracy, as defined by Perez and Torres-Guzman (1996), is the acquisition of decoding and
encoding of print using two linguistic systems to convey a message in a variety of contexts.
For example, being able to read, write, speak, and comprehend the context of two different
languages in various settings is defined as biliteracy. The main difference between
bilingualism and biliteracy is that bilingualism focuses on fluency (spoken) in two languages,
while biliteracy is focused on the language ability within reading, writing, speaking, and
comprehension. This study is primarily interested in biliteracy among dual language students
because it captures a large portion of the various components of language ability.
Biliteracy and bilingualism have a variety of terms to express its conceptualization,
such as English Language Learners (Proctor et al., 2010), dual language learners (Hammer et
al., 2014), emergent bilinguals (Gort, 2006), balanced bilinguals (Schröter & Schroeder,
2018), and various other descriptions. When deciding which classification to use one should
recognize the continuing nature of students’ bilingual development and their potential to
develop various degrees of biliteracy. Guierrez, Zepeda, and Castro (2010) referred to
children who are learning two languages simultaneously as dual language learners (DLL).

2

This term captures the development and the various degrees of biliteracy in students’
learning two different languages. Thus, this study refers to students learning English and
Spanish as dual language learners (DLL) to highlight the development of bilingual and
biliterate competencies through a dynamic process, which includes cultural competencies.

Language Learning
Learning a language, whether that be one’s native or second language, is a difficult
and convoluted task that requires the understanding of several language components, such as
vocabulary and comprehension. Studies have looked at various factors that predict successful
reading and although the findings are inconsistent, they overall suggest that vocabulary in
one’s first language may be strongly related to their second language reading comprehension,
in this case English. For example, Lindsey et al (2003) found a correlation between Spanish
vocabulary in kindergarten and first grade English reading comprehension, while Gottardo
and Muller (2009) found the opposite effect with no correlation between the two.
Additionally, Lindsey at al. (2003) found that Spanish tests of letter name and letter-sound
knowledge, letter-word identification, and concepts about print were all significantly
correlated with English letter word identification and passage comprehension. Manis et al.
(2004) showed that word identification and comprehension ability was developing at a
normal rate for dual language students across languages when compared to monolingual
students. The debate still rises as to what measures are the best utilized to quantify language
ability, but overall, these findings suggest that vocabulary and comprehension are reasonable
aspects to use to understand an individual’s language ability or biliteracy.
Several language measures that are used among researchers are aimed at quantifying
vocabulary and comprehension. These include: The Peabody Picture Vocabulary Test
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(Longoria et al., 2009) and The Passage Comprehension test (Leider et al. 2013), which both
have Spanish and English versions. This study aspires to use these two vocabulary and
comprehension measures to capture language ability in both Spanish and English, which is
then utilized to capture the degree of biliteracy among dual language learners.

Literature on Biliteracy
Assessing Biliteracy
Various methods can be used to measure biliteracy, some of the most used techniques
are: 1) Age of Acquisition, which is commonly applied to denote the age at which a
monolingual, someone who only knows one language, first started learning a new or second
language (Kovelman et al., 2008), 2) parent reports of home language use/exposure (Gibson
et al., 2012; Thordardottir et al., 2006), and 3) language proficiency (Swanson, 2020;
Rosselli et al., 2015). Language proficiency assessments (writing, reading, math, etc.)
typically compares dual-language learners’ language ability with monolinguals (Gort, 2006),
to assess differences and effects. This is a common approach because monolinguals have
been the molds of the “normal” speaker-hearer (Gort, 2006). It is also commonly known that
language assessments should test in both languages (Reyes, 2012), due to dual language and
monolingual students having fundamentally different experiences with learning a language
(Grosjean,1998).
When biliteracy is determined in research studies students are typically placed into
distinct groups based on the method used to define their language ability. For example, in
Kovelman’s (2008) study students were placed into groups based on their age of acquisition.
There was a total of five groups in this study; Group 1 included Spanish-English exposure
before age of 3, Group 2 included Spanish in the home and English exposure within ages 3-4,
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Group 3 consisted of Spanish in the home and English exposure between ages 5-6, Group 4
consisted of English at home and Spanish exposure within ages 5-6, and Group 5 consisted of
English only in the home and English only in school (Kovelman, 2008). In Rosselli and
colleagues’ (2015) study their bilingual participants were categorized into three subgroups
based off three vocabulary proficiency measures. The three subgroups included the
following: 1) “Balanced high proficiency”, 2) “Balanced low proficiency”, and 3)
“Unbalanced” with the median of the total score in the three subtests used as a cut-off point
(Rosselli et al.,2015).
Assessing students’ language ability based off language proficiency can offer a
general overview of a student’s language ability, but it can also exclude students who may
actually be biliterate but have some language proficiency difficulties. Ultimately, language
proficiency measures and age of acquisition do not recognize the complex process of
language acquisition. It can then be assumed that not all biliterate students are being properly
classified, which can then alter the meaning of the effects found. This study offers another
approach in assessing biliteracy that includes all biliterate students regardless of language
difficulties.
This unique approach is done by placing the acquisition of two languages on a
dynamic continuum of “Biliteracy” defined as the relative degree of ability in both languages
rather than distinct groups. This method mirrors the language acquisition process and allows
students who are biliterate but score low due to language ability difficulties to be included in
the continuum. This degree of ability continuum is calculated by taking the difference in
standardized language ability from two distinct languages. The formula is the following:
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Biliterate = |Spanish Ability – English Ability|
The result is a score assessing the lack of balance in ability in two languages where 0
indicates equal ability among English and Spanish and higher scores represent an imbalance
between the two languages (the actual value will depend on the scaling of the standardized
scores).
Effects of Biliteracy
Historically, bilingualism has been associated with negative consequences for
cognitive development and has even been referred to as “the problem of the bilingual child”
(e.g., Smith 1923). The conclusions drawn from studies conducted in the early twentieth
century were that the use of multiple languages in early life confused children and led to
cognitive impairments (Saer, 1923; Yoshioka, 1929; Goodenough,1926). However, these
findings were a direct result of experimental cofounds, such as age, socioeconomic status,
and degree of bilingualism as well as testing students only in English. Studies today still
report disadvantages of biliteracy and bilingualism (Gollan et al., 2005; Kempert et al., 2011,
& Bialystok et al., 2008), but the general consensus changed when Pearl and Lambert (1962)
found that bilingual children were superior on most achievement tests compared to
monolingual children.
Today, numerous studies with students from different linguistic groups have noted
improved mathematic achievements for bilingual students (Clarkson, 1992, 2006; Cobb,
Vega, & Kronauge, 2006; Dawe, 1983; Gómez, Freeman, & Freeman, 2005), metalinguistic
awareness (Bialystok et al., 2003; Campbell & Sais, 1995; Galambos & Hakuta, 1988),
problem-solving that involves attentional control (Baddely, 1996; Bialystok, 1999), and
inhibitory control and working memory capacity (Engle, 2002; Kane et al, 2001; Ransdell et
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al., 2006). A vast majority of this research has been focused on the cognitive effects of
biliteracy, but the impact it has on mathematics is a fundamental academic concept that
deserves more attention within the literature and the exploration of the effects biliteracy has
on it. This study therefore specifically focuses on the biliterate advantage within
mathematics.
The advantages of biliteracy are commonly reported among educational studies,
making biliteracy an important contributor to language learning among dual language
learners. This type of development can flourish in various types of dual language immersion
programs implemented across schools. Researchers have already established the general
effects of dual language immersion programs to meet the needs of dual language learners and
English proficient (EP) students (Genesee et al, 2006; Lindholm-Leary 2001; LindholmLeary & Howard 2008; Thomas and Collier, 1997; Thomas and Collier, 2002). Dual
language programs (also known as two-way immersion or dual immersion programs)
integrate dual language learners and EP students in the same classroom and provide
academic instruction through two languages, one of which is the primary language of each
group of students, with the goals of establishing bilingualism, biliteracy, and academic
achievement (Lindholm-Leary & Nicholas Block, 2010).
Effects of Dual Language Immersion Programs
While many educators and lay-people argue that students should be educated in an
English-only environment, English-only legislation in several states, other educators,
psychologists, and neurologists have demonstrated that biliteracy can enhance cognitive and
academic functioning in children and adults (e.g. Bialystok 2007; Lambert 1987). Dual
language students are often enrolled in dual language immersion programs and in the U.S
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Spanish and English are the two general languages taught in these programs. It has been
shown that dual language immersion programs can have a profound impact on student
outcomes, specifically cognitive flexibility, creativity, and problem-solving (Clarkson, 2006).
Research on these programs indicates a promotion of not only academic achievement, but
bilingualism and biliteracy as well in native English- and native Spanish-speaking students
(e.g. Lindholm-Leary and Genesee 2010; Thomas and Collier 2002). One effect of these
cognitive advantages is increased academic achievement, including mathematics and science
(Tran et al., 2015). Dual language immersion programs provide students with cognitivemetalinguistic abilities not only in reading and writing, but also in mathematical and sciencebased problem solving, discussion, and analysis (Tran et al., 2015).
Studies in Canada and the US have demonstrated that immersion students either
perform at similar levels or outperform their non-immersion peers in academic content areas,
most commonly English literacy, and math (Turnbull et al, 2001; Lazaruk et al, 2007; Lindholm-Leary et al, 2011; Marian et al, 2013; Padilla et al, 2013; Steele et al, 2015). Turnball
and colleagues (2001) found that third-grade French immersion students performed as well
on reading, writing, and math tests as English students not enrolled in an immersion program.
Students who were not enrolled in immersion programs slightly lacked behind in literacy
compared to students in the immersion program (Turnball et al., 2001). Bournot-Trites and
Reeder (2001) compared a cohort of Canadian French immersion students who received 20%
of their mathematics instruction in English and 80% in French with another cohort that was
instructed equally in English and French (50% each). The native English-speaking students
who received 80% of their mathematics instruction in French performed significantly better
than the 50/50 cohort (Bournot-Trites & Reeder, 2001).
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Similar findings are seen in elementary Latino students and dual language immersion
programs, where Latino students are as or more successful in developing proficiency in
English (Lindholm-Leary and Genesee 2010; Lindholm-Leary and Howard 2008).
Additionally, when the high school exit exam and reading and mathematics were compared
Latino students in English mainstream classes performed worse than Latino students in dual
language immersion programs (Lindholm-Leary and Genesee 2010; Lindholm-Leary and
Howard 2008). Cobb and colleagues’ study (2006) demonstrated similar findings where
Spanish and English dual language students were enrolled in a two-way bilingual program
and achieved significantly better skills in reading (p= .012) and writing (p=.007), with near
significance in math (p= .023) (Cobb et al., 2006). These studies ultimately instill confidence
that dual language students are performing significantly better in fundamental academic
contents, such as mathematics and vocabulary, then dual-language students enrolled in
normal non-dual language programs in school (Cobb et al., 2006). The literature conjures that
dual language immersion programs are an advantage to dual language students’ language
development and the effects of biliteracy among young dual language students is seen as an
advantage to their language ability and academic success.

Aims and Research Questions
The literature discusses some of the downfalls within the study of biliteracy, such as
lacking a standard measure of biliteracy, measuring only language proficiency as an indicator
of biliteracy, testing in only one language, and excluding students with language difficulties
who may otherwise be biliterate. This research study aims to fill in some of these gaps by
implementing an approach that attempts to measure biliteracy using the degree of ability in
vocabulary and comprehension as an indicator of biliteracy. Ability in both Spanish and
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English will be assessed and all students, regardless of language difficulties are included. The
goal of the study is to examine how comprehension and vocabulary, in both Spanish and
English, can help identify biliteracy in dual language students by placing them on a
continuum of language ability and applying the biliterate continuum to look at the effects of
math achievement in both English and Spanish. The following research questions are:
1) What is the relationship of Spanish and English ability with math achievement in
both Spanish and English?
The first research question aims to explore the relationship between general language
ability, in both English and Spanish, and student’s math achievement, while controlling for
the following variables: Age, sex, social economic status, and linguistic background. The
Peabody Picture Vocabulary Test (PPVT) is used for English vocabulary ability and The Test
de Vocabulario en Imagenes Peabody (TVIP) based on the PPVT, is used for Spanish
vocabulary ability. The Passage Comprehension is used to for English comprehension ability
and The Comprensión de Textos is used to assess Spanish comprehension ability.
This will be the baseline model for the main analysis and will be assessed using linear
hierarchical regression. The baseline model will be run separately for Spanish math
achievement and English math achievement as the outcomes. The hypothesis is that there
will be a positive relationship between general language ability, in both Spanish and English,
and math achievement in both Spanish and English.
2) What is the relationship of biliteracy, assessed by the difference in language ability
between Spanish and English, with math achievement in both Spanish and English?
The second research question aims to examine the relationship between the absolute
difference score, defined as the biliterate continuum, and math achievement in Spanish and
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English while holding constant the level of ability in each language. The same language
ability measures are used to create the biliterate continuum as in research question one. The
main analysis will assess the extent of the relationship between the biliterate continuum and
math achievement beyond general language ability. Analyses will be run separately for
Spanish math achievement and English math achievement as the outcomes. The hypothesis is
that there will be a positive relationship between the biliterate continuum and math
achievement in Spanish and English.

Methods
The general research method involves testing elementary school children, enrolled in
a dual language immersion program, in various literacy, and mathematics tasks in both
English and Spanish. The data utilized in the current study was extracted from a larger
longitudinal study that collected a wide range of academic performance measures on
elementary school children enrolled in a dual language immersion program at school for
three consecutive years. For the purposes of the current analysis only the first year of data is
applied and only specific measures will be explored to capture math, passage comprehension,
and vocabulary ability in dual language students.
This study defines biliteracy as the difference in language ability in two distinct
languages (Spanish and English), where someone would be defined as biliterate if their
language ability in both languages was equal. A student with low language scores (such as a
student with language learning difficulties) could then still be considered biliterate on this
continuum. This leads to the use of an absolute difference score between ability in two
languages, English and Spanish, as the primary measure of biliteracy in this study. The
absolute difference score is generated by taking the difference of Spanish language ability
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and English language ability (when each is assessed on the same scale) and determining that
score’s distance from zero:
Biliterate = |Spanish Ability – English Ability|
A student is therefore placed on a continuum where a score of 0 represents equal
ability in both languages and anything greater than zero indicates differences between
Spanish and English ability.

Procedure
Approved IRB informed consent was obtained from parents, assent was obtained
from students, and data collection was scheduled at the children’s schools. Tests were
administered by trained bilingual research assistants. The study included group and
individual administrations of a battery of tests, but this study only utilized individual
assessments. All students were administered both English and Spanish versions of each
measure. No Spanish and English versions of the same test were presented on the same
day, for the specific measures used in the current analysis. Instructions were given in
Spanish for all tasks requiring Spanish responses and the same was done for English
required responses.
Participants
Elementary school students who are enrolled in a Dual Language Immersion
program at school participated in this study, with Spanish and English being the two taught
languages. The Dual Language Immersion program is based on the 90/10 immersion rule
that was implemented in schools across states (Howard & Sugarman, 2009). Students in
Kindergarten are to be exposed to Spanish 90% of the time and English the other 10% of
the time. Each year the percentage of Spanish decreases and English increases until it has
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reached 50/50 in both languages (about 5th grade). Data was collected from four elementary
schools in the larger Southwest region with a total sample of (N= 388) students, 39% (n
=152) in Grade 1, 33% (n =128) in Grade 2, and 28% percent (n =107) in Grade 3. The
mean age was 7 years old (SD = .9), and the sample included 183 males and 204 females.
From school records of parent responses, 61% (n =138) of the students were reported as
being Hispanic and 29% (n =113) reported being non-Hispanic. More than half (97%) of
the students were identified as participating in the Free/Reduced lunch program at school.

Measures
Applied Problem Solving
The Applied Math Problem-solving subtest from the Woodcock-Johnson
Achievement Test III (Woodcock et al, 2001) was administered for the English math level
of performance. The Problemas Aplicados from the Batería III Woodcock-Muñoz (MuñozSandoval et al., 2005) was administered to establish normed referenced math levels in
Spanish. Both of these subtests are individually administered and assess children’s early
mathematical operations (e.g., counting, addition, and subtraction) through practical
problems. In order to solve each problem, the subject must listen to the formulation,
recognize the procedures that must be followed, and then perform relatively simple
calculations.
The Peabody Picture Vocabulary Test
The Peabody Picture Vocabulary Test (PPVT) - 4th Edition measured English
receptive vocabulary knowledge and provides an estimate of English verbal understanding
(Dunn & Dunn, 2007). The task asked students to correctly identify a given word in
English out of a field of four pictures. The test-retest reliabilities were calculated, and
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yielded correlations between .92 and .96 (Dunn & Dunn, 2007). The Test de Vocabulario
en Imágenes (TVIP) - 4th Edition is identical to the PPVT in the presentation and
administration, except it measured receptive vocabulary in Spanish instead of English and
provided an estimate of Spanish verbal understanding (Dunn & Dunn, 1981). The split-half
reliability presented in the manual for the Spanish version was .91 to .94 (Dunn et al.,
1986).
Passage Comprehension
The Passage Comprehension is a subtest from the Woodcock-Muñoz Language
Survey- Revised (WMLS-R). (Woodcock, Muñoz-Sandoval, & Alverado, 2005) and was
administered individually to students in English and provides an estimate of comprehension
of the written language. Students are asked to respond to a short passage and identify
missing key words that complete the passage. Initial items are accompanied by a
corresponding picture and sentences gradually increase in complexity. The median
reliability is .84 for this subtest (Woodcock et al., 2005). The Comprensión de Textos was
the Spanish version of this measure and was individually administered to students with
similar procedures but in Spanish instruction.
Biliteracy Continuum
The objective of this variable is to identify students’ biliterate ability in Spanish and
English by looking at their differences in language abilities on comprehension and
vocabulary measures and placing that difference on a continuum. The Passage
Comprehension (Spanish and English) and the PPVT and TVIP measures are used to capture
two separate biliterate continuums, one for comprehension and one for vocabulary. When
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analyzed together they are meant to capture the students’ overall biliteracy ability in Spanish
and English.
The Biliteracy continuum is created by taking the difference in standardized Spanish
and English language ability scores (put on the same scale) and then finding the absolute
value of that score. The absolute difference score approach captures the similarity between
the Spanish and English language ability and is obtained by subtracting the English ability
score from the Spanish score and then taking the absolute value of that score. For example,
Comprehension Biliteracy = |Spanish Ability – English Ability|. Students with an absolute
difference score of 0 are equally proficient in both languages, indicating biliteracy, and a
score greater than zero would indicate a larger difference in ability between Spanish and
English. This absolute difference approach was first recognized by Plomin and DeFries
(1980), who used the mean of this distribution to report the absolute similarity in intelligence
among pairs of people with different degrees of genetic and environmental relatedness
(Plomin & DeFries, 1980).
This variable provides a measure of the students’ biliterate abilities without having to
place students into artificial groups. As a measure of validation, an ANOVA will examine the
relationship between the difference scores and the linguistic background of the students. This
provides an estimate of how these language measures differentiate from the students reported
home language and ethnicity. It would be expected that individuals from a more bilingual
background would be more equal in their abilities and thus closer to zero on the bilingual
continuum. Additionally, correlations are reported between the two differences scores to
estimate if they are both measuring similar constructs of language ability to be described as
biliteracy.
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Linguistic Background
The basic intention behind this variable is to capture a basic understanding of the
student’s linguistic background by using their reported home language and ethnic
background. The linguistic background is then determined by a combination of two
variables: 1) Student’s self-report of their main spoken home language and 2) Parent/School
report of the student’s ethnicity.
During the students first assessment they were asked “What primary language do
you speak at home?” and most of the students responded speaking primarily Spanish (49%)
or English (42%). A small portion (9%) of the students reported speaking both English and
Spanish at home. With a small portion of students reporting speaking both languages at
home the final results wouldn’t accurately reflect these students, so they were grouped with
the students who responded speaking primarily English at home, due to English being the
primary language in U.S schools and therefore more likely for the child to be exposed to it.
The school demographic records that are originally based on parent reports were provided
to identify ethnic background for the students, which was specified as either Hispanic or
Non-Hispanic. These two pieces of information were then merged, as described further, to
create the linguistic background variable.
The linguistic background variable consists of three separate groups, either (1)
Hispanic ethnicity with Spanish as the primary language at home (43%); (2) non-Hispanic
ethnicity with English as the primary home language (26%); or (3) some other combination
of these two variables (31%). The third group includes students identified with Hispanic
ethnicity and English as the primary language at home (25%) or non-Hispanic ethnicity and
Spanish as the primary language at home (6%), together accounting for 31% of the
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linguistic background variable. The third group is not a surprise, for these students are dual
-language speakers and suggest the use of a more fluid measure to measure language ability
than the other two distinct groups. Ultimately providing a practical perspective of what the
baseline language ability is among these students.
Table 1 visually represents how the home language and ethnicity were merged to
create linguistic backgrounds. Group 1 (Yellow) includes students with a Spanish home
language and Hispanic ethnicity (n= 125), Group 2 (Green) describes students with English
or both languages spoken at home and non-Hispanic ethnicity (n=98), and Group 3
(Orange) consists of students with ambiguous reports of home language and ethnicity, such
as Spanish home language and non-Hispanic ethnicity or English home language and
Hispanic ethnicity (n=165).
Table 1.
Linguistic Background
Ethnicity
Home Language
Spanish
English
Spanish & English

Hispanic

Non-Hispanic

125
101
39

25
81
17

Note . Statistics indicate the number of students in each Linguistic background. Group
1 (Yellow) includes students with Spanish home language and Hispanic ethnicity.
Group 2 (Green) describes students with English or both languages at home and nonHispanic ethnicity. Group 3 (Orange) consists of ambiguous reports of home
language and ethnicity, such as Spanish home language and non-Hispanic ethnicity or
English home language and Hispanic ethnicity.

Demographic Variables
This study considered several demographic variables. The following covariates
were chosen because they accurately represented the sample population. Additionally,
analyses were performed to accommodate for missing data and these covariates were
optimal in providing demographic information to complete the analysis.
17

Covariates
The age, grade, sex, socio-economic status (Free and reduced lunch), and the
linguistic background variable were included as covariates. These variables were mainly
collected from school reports completed by the students’ parents, in addition to student
self-reports of home language.

Standardization Procedures
To create a continuum of biliteracy the scores for the vocabulary and comprehension
measures language measures in both English and Spanish need to be on the same scale so
that a student who scores at the population mean on both measures would score zero. This
also ensures that one unit increase results in a student being equally more proficiency if they
score higher in English or Spanish. Standardized scores are created for the PPVT and TVIP
by converting the raw scores to grade equivalent standard scores using values provided in the
manual (Dunn & Dunn, 1997). The Woodcock-Johnson Passage Comprehension measures
scaled equivalent was created by using the Item Response Theory (IRT) age equivalent
scores in the examiner’s manual (Mather & Wendling, 2014). Since the Passage
Comprehension scores were not standardized but rather converted to W-scores based on the
IRT, the values will differ between grades for this measure for both languages, but the means
will remain the same. It is important to note here that standardization was not based on our
sample population and the expected means are the same for English and Spanish on both
measures.

Data Analysis
All analyses are performed in R, version 4.1.2, statistical software (R Core Team, 2021).
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In this analysis, multiple imputation (MI) was employed with 5.8% of the total data
set having missing values. If MI were not implemented and listwise deletion was utilized
instead, 146 students would have been removed from the analysis (38%). This imputation
method was implemented by utilizing the ‘mice’ version 3.14.0 R package (Buuren &
Groothuis-Oudshoorn, 2011), specifically with the ‘meth’ imputation method. Multiple
imputation is a popular approach for handling missing data and is the most appropriate
method for this analysis. The MI method utilized predictors directly from the student’s
responses in other variables, while incorporating random errors. In tables 3 and 4, the
Fraction of Missing Information (FMI) can be found for each variable. FMI is an important
parameter for diagnosing the effects of data missingness (Carpenter & Kenward, 2013;
Rezvan et al., 2015; Rubin, 1987; Van Buuren, 2012). The following variables were
considered in the imputation model: Age, grade, sex, social economic status (Free and
Reduced lunch), language ability measures in both Spanish and English, and linguistic
background as measured by home language and ethnicity.
To answer the main research questions the analysis used is a hierarchical
regression to examine the relationship between biliteracy, as measured by language
abilities, and math achievement, in both Spanish and English, among students enrolled in a
dual-language immersion program at school. To assess the effects of Spanish and English
language ability on English math achievement the model is the following:
𝐸𝑛𝑔𝑙𝑖𝑠ℎ 𝑀𝑎𝑡ℎ 𝐴𝑐ℎ𝑖𝑒𝑣𝑒𝑚𝑒𝑛𝑡
= 𝛽0 + 𝛽1−5 (𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠) + 𝛽6 (𝑃𝑃𝑉𝑇) + 𝛽7 𝑇𝑉𝐼𝑃 + 𝛽8 𝑃𝐶𝐸 + 𝛽9 𝑃𝐶𝑆 + 𝑒 𝑖

where the effects of language ability, in both Spanish and English, on changes in English
math achievement are assessed by the coefficients β6 through β7. An identical model was
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run to determine the relationship between these coefficients and Spanish math
achievement. The second research question evaluates the relationship between biliteracy, as
measured by language differences in both Spanish and English, and math achievement.
This relationship is assessed by including the biliteracy continuum, created by the
difference scores, with the language measures as shown in the following model
𝐸𝑛𝑔𝑙𝑖𝑠ℎ 𝑀𝑎𝑡ℎ 𝐴𝑐ℎ𝑖𝑒𝑣𝑒𝑚𝑒𝑛𝑡
= 𝛽0 + 𝛽1−5 (𝐶𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠) + 𝛽6 (𝑃𝑃𝑉𝑇)
+ 𝛽7 𝑇𝑉𝐼𝑃 + 𝛽8 𝑃𝐶𝐸 + 𝛽9 𝑃𝐶𝑆 + 𝛽10 𝐷𝑖𝑓𝑓1 + 𝛽11 𝐷𝑖𝑓𝑓2 + 𝑒 𝑖

where the effects of the two difference scores on changes in English math
achievement are assessed by coefficients β7 and β8. As before a similar model is ran to
determine the relationship between these coefficients and Spanish math achievement.

Results
General descriptive statistics on the math and language ability measures, in both
Spanish and English, can be found in Table 2. Providing an understanding of the features
within the data set being utilized. The main research questions that directed this study are
addressed by the following analysis.
Table 2.
Descriptive Statistics for English and Spanish Measures
Language Measure

Mean
SD
SE
English Language Measures
Standarized PPVT
93.28
20.10
1.02
IRT Passage Comp.
449.59 43.46
2.21
Spanish Language Measures
Standarized TVIP
97.50
18.49
0.94
IRT Passage Comp.
450.70 34.74
1.76
English Math Measure
Applied Problems
18.21
6.32
0.32
Spanish Math Measure
Applied Problems
16.29
8.94
0.45
Note : N = 388; CI is the Confidence Interval
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% CI
Upper
Lower
94.96
453.22

91.60
445.96

99.05
453.61

95.95
447.80

18.74

17.69

15.54

17.03

Research Question One
What is the relationship of Spanish and English ability with math achievement in
both Spanish and English?
To address this question math achievement, in both English (Table 3) and Spanish
(Table 4), is assessed in two separate hierarchical models with the first including initial
covariates and the second adding Spanish and English language ability measures.
The results show that English and Spanish language ability measures, predict
English math achievement (F (4, 374) = 15.15, p < 0.05) beyond the base covariates. The
language measures also help explain more of the total variance than the base covariates (Δ
𝑅 2 = 0.10). The English vocabulary measure (B = 0.08 (0.02)) was significant in predicting
English math achievement. The standardized regression weight of 0.25 for English
vocabulary suggests that an increase in English math achievement of one standard
deviation it will increase to 0.25 of its own standard deviation. The English comprehension
measure had similar results (B = 0.04 (0.01)) with individual significance in predicting
English math achievement, with a standardized regression weight of 0.28 for English
comprehension. Neither of the Spanish predictors significantly predicted English math; the
effects for Spanish vocabulary and Spanish comprehension were both close to zero. The
standardized regression weight of -0.06 for Spanish vocabulary suggests that for an
increase of English math achievement of one standard deviation it will result in a decrease
of 0.06 of its standard deviation. Similar findings were found for Spanish comprehension
weights showing that for a decrease in 0.05 for Spanish comprehension of one standard
deviation it will result in a decrease of 0.05 of its standard deviation.
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The second model is almost identical to the previous model but with Spanish math
achievement as the outcome. This model additionally shows that overall language ability
measures predict Spanish math achievement above the covariates (F (4, 374) = 11.40, p <
0.05) and explains more of the total variance (Δ 𝑅 2 = 0.08). The results indicate that the
individual vocabulary English measure had a positive and significant relationship with
Spanish math achievement (B = 0.14 (0.02)), while the English comprehension measure
was not significantly related to Spanish math achievement (B = 0.01 (0.01)). The
standardized regression weight for English vocabulary implies that an increase of 0.31 of a
standard deviation will result from a one standard deviation increase of English
comprehension. There were additionally no significant individual Spanish languages
measures for either Spanish vocabulary (B = -0.01 (0.02)) or Spanish comprehension (B =
0.01 (0.01)).
The findings show that language ability measures predict math achievement in both
languages above covariates. An examination of the effect of individual components of
language ability shows that the English language ability but not the Spanish ability
independently predicts math achievement in both English and Spanish. It is crucial to keep
the standardized regression weight for these individual language measures in mind when
looking at the impact they had on math achievement in both languages as the effect sizes
are mostly low to moderate.
Research Question Two
What is the relationship of biliteracy, assessed by the difference in language ability
between Spanish and English, with math achievement in both Spanish and English?
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This research question is addressed by adding the difference scores generated from
the student’s language ability in both English and Spanish, from aim one, which includes
both covariates and main effects of ability in each language. The difference scores are
separately used as predictors of both English (Table 3) and Spanish (Table 4) math ability.
When compared to using solely language abilities measures, the difference scores
did not predict English (F (2, 372) = 0.45, p > 0.05) or Spanish (F (2, 372) = 1.37, p >
0.05) math achievement, with the difference scores explaining only about 1% more of the
total variance (Δ 𝑅 2 = 0.01). There were no significant relations found for the vocabulary
difference score (B = 0.01 (0.02)) and comprehension difference score (B = 0.01 (0.02))
with English math achievement. There were additionally no significant findings for the
vocabulary difference score (B = -0.04 (0.02)) and comprehension difference score (B =
0.00 (0.02)) with Spanish math achievement.
The general results for research question two indicate that the differences in English
and Spanish vocabulary and comprehension abilities, did not relate with math achievement
in English or Spanish as expected. There was also no difference seen in the models when
using the language ability measures on their own in comparison to utilizing the difference
scores. Implying that these difference scores need to be more well developed in relation to
measuring biliteracy abilities among dual-language learners to then be able to relate it to
other academic performances.
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Table 3. Predictors of English Math Achievement
Parameter
Estimate
SE
FMI
Intercept
-23.79
6.68 *
0.22
Covariates
Grade 2
0.29
0.94
0.17
Grade 3
1.03
1.57
0.18
Age
2.60
0.71 *
0.18
Female
0.06
0.50
0.06
Free Lunch
4.28
1.91 *
0.30
Reduced Lunch
0.82
2.00
0.28
Hispanic + Spanish
-0.34
0.62
0.07
-1.96
0.79
0.13
Non-Hispanic + English/Both
*
F (4, 374) = 15.15, p < .05; Δ 𝑅 2 = 0.10
Language Ability
Spanish Vocabulary- TVIP
-0.02
0.02
0.24
English Vocabulary- PPVT
0.08
0.02 *
0.11
Spanish Passage Comprehension
-0.01
0.01
0.20
English Passage Comprehension
0.04
0.01 *
0.15
Difference score-language ability
F (2, 372) = 0.45, p > .05; Δ 𝑅 2 = 0.01
Difference Score 1
0.01
0.02
0.26
Difference Score 2
0.01
0.01
0.15
Note: * = p ≤ 0.05; FMI is the fraction of missing information

Table 4. Predictors of Spanish Math Achievement
Parameter
Estimate
SE
FMI
Intercept
-46.12
9.23 *
0.12
Covariates
Grade 2
-1.17
1.30
0.07
Grade 3
-3.68
2.18
0.10
Age
5.32
1.00 *
0.10
Female
0.67
0.72
0.04
Free Lunch
6.10
2.71 *
0.26
Reduced Lunch
-1.87
2.85
0.25
Hispanic + Spanish
-1.16
1.00
0.22
-4.31
1.19
0.18
Non-Hispanic + English/Both
*
F (4, 374) = 11.40, p < .05; Δ 𝑅 2 = 0.08
Language Ability
Spanish Vocabulary TVIP
-0.01
0.03
0.37
English Vocabulary PPVT
0.14
0.02 *
0.23
Spanish Passage Comprehension
0.01
0.01
0.20
English Passage Comprehension
0.01
0.01
0.17
Difference score-language ability
F (2, 372) = 1.37, p > .05; Δ 𝑅 2 = 0.01
Difference Score 1
-0.04
0.02
0.16
Difference Score 2
0.00
0.02
0.16
Note: * = p ≤ 0.05; FMI is the fraction of missing information
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A post-hoc power analysis was performed to determine if this study had power to
detect an effect of the difference scores if it were there. Power to detect a partial correlation
of 0.30, which is a 0.30 standard deviation change in the outcome due to one standard
deviation in the predictor, was calculated through retrodesign (0.1.0) as a rough equivalent
to a moderate effect size (Cohen et al, 1992). The retrodesign package is utilized based on
the prospective of Gelman and Carlin (2014) who suggest the use of realistic external
estimates of the effect size rather than what is directly in the data. The findings revealed
that there is efficient power in detecting moderate effects for the vocabulary difference
score (0.99) and the comprehension difference score (0.98) on English math achievement.
A similar conclusion is met with the Spanish vocabulary difference score (0.99) and the
comprehension difference score (0.99). These findings provide a reason to conclude that if
there were effects to be reported for the difference scores, they would have likely been
detected.

Validation of the Biliteracy Continuum
To determine if the biliteracy measures were related to the linguistic background
groups a one-way analysis of variance was run. With the assumption that the two difference
scores (vocabulary and comprehension) will differ from the linguistic background groups,
specifically groups with primarily an English or Spanish dominant background. This is
centered on the assumption that students with an English or Spanish dominant background
would likely be less bilingual compared to the group that has ambiguous reports of both an
English and Spanish language background. Since the difference scores are intended to
measure biliteracy it would make sense that they would not differ from the group that
reported both an English and Spanish background.
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The analysis revealed that there were significant differences between the linguistic
background variable and the vocabulary difference score (F (2, 442.71) = 4.17, p < 0.05, η2
= 0.03), while no significant differences were found between the linguistic background
variable and the comprehension difference score (F (2,1257.14) = 1.03, p > 0.05, η2 =
0.01). A post-hoc analysis was additionally run to see which linguistic background groups
were causing the variations within the vocabulary difference score. The results showed that
the vocabulary difference score was significantly different from the Spanish dominant
linguistic group (p < 0.05, 95% C.I = [0.73, 9.63]) compared to the English dominant
linguistic background group (p > 0.05, 95% C.I = [-6.12, 2.98]) and the ambiguous group
(p > 0.05, 95% C.I = [18.65, 24.07]). For example, a student in the Spanish linguistic
background group would have an average score of 17.83 (3.30) on the vocabulary
biliteracy continuum, an average of 2.30 points higher than the other linguistic background
groups. Indicating differences in abilities between the two languages and less certainty of
the students’ overall biliteracy abilities. Interestingly, the results showed that neither of the
linguistic background groups significantly differed on the comprehension difference score
with an average total of 14.42 (2.05) on the comprehension biliteracy continuum.
These findings did align with the general hypothesis that the two difference scores
would vary from the linguistic background variable. It was believed that the English and
Spanish dominant linguistic groups would both differentiate from the difference scores, but
the findings slightly varied with only the Spanish linguistic variable differing from the
vocabulary difference score. This measure helped better understand the difference scores
relation with biliteracy among dual-language students indicating a modest description of
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biliteracy abilities among the sample based off linguistic background and home language
reports.
Furthermore, correlations were ran to determine how the two difference scores were
related in terms of measuring a similar construct. The relationship between the two
difference scores is reported in Table 5. It is believed that the two difference scores
(vocabulary and comprehension) will be highly correlated with one another to indicate that
both scores are measuring a comparable construct, which in this case is biliteracy. The
results, unfortunately, indicate that the difference scores have a substantially low
correlation with each other (r = 0.08). Indicating that these two variables are not measuring
similar constructs as expected. A possible conclusion to make from this finding is that these
two variables are measuring different components of biliteracy, so even though vocabulary
and comprehension may relate to biliteracy abilities the two separate components are not
related to each other necessarily. The general hypothesis for the correlations was not met
since there was no significant correlation between the two difference scores.
Table 5.
Correlation Results between Predictors and Oucome variables
Measures
1
2
3
1. Applied Problems English
−
2. Applied Problems Spanish
0.64
−
3. Vocabulary (PPVT)- English
0.28
0.20
−
4. Vocabulary (TVIP)- Spanish
-0.07
-0.03
-0.03
5. Passage Comp. English
0.45
0.27
0.43
6. Passage Comp. Spanish
0.22
0.21
0.06
7. Differene Score 1 (Vocabulary)
-0.03
-0.10
-0.12
8. Difference Score 2 (Passage Comp.) -0.17
-0.11
-0.08
9. Linguistic Background
-0.17
-0.30
0.20

4

5

6

7

8

9

−
0.07
0.41
0.17
-0.12
0.01

−
0.39
-0.03
-0.49
0.06

−
0.08
-0.35
-0.05

−
0.08
0.02

−
0.07

−

Discussion
The preliminary aim of the study was to understand the basic relationship between
language abilities and math achievement in elementary students enrolled in a dual-language
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immersion program at school. The assumption is that the language abilities and math
achievement in both languages would have a definite relationship. This hypothesis was met
through a hierarchical regression showing a positive relationship between both vocabulary
and comprehension language ability measures on English and Spanish math achievement.
Specifically, the English vocabulary and comprehension language measures individually
predicted English math achievement while the English vocabulary measure was the only
predictor to have a positive relationship with Spanish math achievement.
These findings are not surprising for it is expected that English language abilities
would relate with English math achievement, but it was not expected for there to be an
absent relationship between the Spanish language abilities measures and math achievement
in both English and Spanish. The fact that the English vocabulary measure predicted
Spanish math achievement among dual-language students is an interesting finding and
could relate to the positive impacts shown in dual-language students math achievement
when enrolled in dual-language immersion programs (Watzinger-Tharp et al, 2016).
The second objective of the study was to use the vocabulary and comprehension
language abilities measures in English and Spanish to represent biliteracy on a continuum.
The relationship between the biliteracy continuum, measured by the differences in
language abilities, with math achievement in both English and Spanish became the main
research question and hypothesis of interest for this study. The analysis utilized the
absolute difference score from the vocabulary and comprehension language abilities to
create separate biliteracy continuums for vocabulary and comprehension. The hypothesis
for a positive relationship between the difference scores and math achievement was
rejected through the hierarchical regression showing that the biliteracy continuum, as
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measured by the difference in vocabulary and comprehension abilities, did not predict math
achievement in English or Spanish. This conclusion is further validated through the test of
effect sizes being extremely small for the difference scores and having little to no impact
on math achievement.
This result could have been related to a couple of postulations, 1) the vocabulary
and comprehension language measures used to create the biliteracy continuum may have
not been efficient variables to accurately describe biliteracy among the sample, as seen
through relatively low correlations between the two difference scores and 2) math
achievement just might not have been the most appropriate outcome to relate with
biliteracy, as measured by the difference in vocabulary and comprehension abilities, and
this conclusion is validated through the non-significant results, low effect sizes, and high
power that emerged through the analysis. Further exploration of what components highly
influence biliteracy and the relationship it has with dual-language students’ academic
performance would be a key component to help answer both of these generated theories.
A post-hoc power analysis was conducted using the retrodesign (version 0.1.0)
package in R software to determine the power in detecting a moderate (0.30) effect if there
were any actual effects of the difference scores on English and Spanish math achievement.
The hypothesized effect, standard error, and p-values for each estimate for both English
and Spanish models were inputted into the retrodesign equation and the individual power
for each estimate was returned.
The post-hoc analysis revealed substantially high power for the vocabulary (0.99)
and comprehension (0.98) difference scores for English math. Similar outcomes were
found for the vocabulary (0.99) and comprehension (0.99) differences with Spanish math
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achievement. The sufficient power suggests the ability to detect moderate effects of the
difference scores with math achievement and reveals that the failure to support the second
research questions hypotheses isn’t due to lack of power.

Limitations
There are two main limitations to this study. First, there were missing data in the
study and therefore imputations were implied. Missing data is common in large sample
studies and for a large sample of elementary school students. In this study missing data was
due to inconsistent measuring of the components utilized to create the linguistic
background variable and general missingness of key components of the analysis. A specific
measure for the collection of linguistic background could have helped avoid missing data
and the necessity to create a new variable representing the linguistic background. This new
linguistic background variable is created solely for this analysis and might not be consistent
with other linguistic background variables, which in itself could be considered a limitation
to the study if the main focus is on this variable.
The second limitation is that the study only investigated two internal factors
(vocabulary and passage comprehension) for the full description of biliteracy and the
creation of the biliteracy continuum. There are likely other factors that could influence the
development of academic performance among dual-language students. Internal factors such
as intelligence or language aptitude, as well as external factors like classroom environment,
home language environment, and student motivation (Paradis, 2018). The vocabulary and
comprehension language measures were limited in the sense of what aspects of language
were being captured to define biliteracy among the sample. Additional language measures,
such as expressive vocabulary (Hoff et al., 2014) should be considered in future studies to
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determine other elements of language that help predict biliteracy. The effects of internal
and external factors when considering the relationship language has on academic
performance could be a future direction for this study.

Conclusion
There were two central purposes of this study: 1) establish a relationship between
language abilities and math achievement in both English and Spanish, and 2) utilize those
language abilities to describe biliteracy on a continuum and determine its relationship with
math achievement in both English and Spanish. The first purpose of the study was
answered with vocabulary and comprehension language abilities being reliable indicators
of math achievement in English, while comprehension showed to be a strong indicator of
Spanish math achievement through the hierarchical regression results. The second purpose
of the study established that the biliteracy continuum did not gain enough statistical support
to be considered a reliable metric of mathematical achievement in either English or
Spanish. The biliteracy continuum, therefore, did not explain any further information about
math achievement in either language when compared to using the language ability
measures by themselves with covariates. Indicating a need to re-consider the measure of
biliteracy and how that can be altered to improve the description of biliteracy among dual language students.
The final conclusions of the study lead to potential future directions of the study by
exploring language development in dual-language students and how that development
relates to academic performance over time. It was clear that the biliteracy continuum, as
measured by language abilities, did not perform as expected and the effect it had on math
achievement in both languages was far from ideal. Yet, the results provide valuable
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information and help understand the influential components that make up biliteracy.
Further research into this area may lead to a better understanding of the prominent
components of biliteracy and how that can be used to accurately represent biliteracy among
dual-language learners without excluding students with possible language difficulties.
Consequently, these potential research directions may lead to more fundamental,
promising, and interesting findings related to biliteracy development in English and
Spanish among elementary students enrolled in dual-language immersion programs.
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